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X-linked agammaglobulinemia (XLA) is a primary
immunodeficiency first characterized by Bruton in
1952.1 Occurring in approximately 1 in 250,000

males, these individuals carry a mutation in the Btk gene
encoding for a tyrosine kinase critical for B-cell
maturation.2 As a result, individuals with XLA have an
absence of differentiated B cells and a decrease in all
serum immunoglobulins. This defect in humoral immunity
leads to increased susceptibility to infection, especially
with encapsulated pyogenic organisms, such as
Streptococcus pneumoniae, Haemophilus influenzae,
and Pseudomonas species. Pneumonia, sinusitis,
meningitis, and bacterial diarrhea are common, as is an
increased susceptibility to enteroviral infections.
Although no curative therapy exists, intravenous
immunoglobulin (IVIg) is the mainstay of XLA treatment.
Used for more than 20 years, IVIg has an excellent safety

profile and has been shown to reduce morbidity and
increase survival in patients with XLA.3

As impaired B-cell development is the most apparent
phenotype of XLA, most work has focused on this cell
type and clinical manifestations of low-serum
immunoglobulin. Recent studies, however, suggest
additional immune dysregulation may be involved in the
pathogenesis of XLA. One report shows that stimulated T-
helper cells from agammaglobulinemic individuals display
a preferential Th1 profile.4 Skewing of T-helper responses
toward Th1 leads to a cytokine environment that favors
macrophage activity and tumor necrosis factor alpha
(TNF-α) production. Other molecular studies show that
Btk, mutated in XLA, functions in lineages other than B
cells. In myeloid and dendritic cells, Btk has been found
to be a component of Toll-like receptor (TLR) signaling,
important for recognition of foreign pathogens.5
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ABSTRACT
Individuals with Bruton’s X-linked agammaglobulinemia (XLA) inherit a defect in the Btk gene, critical for B-cell dif-

ferentiation. As a result, there is an absence of mature B-cells in the peripheral circulation with a marked reduction in
serum levels of all immunoglobulin subtypes, predisposing patients with XLA to recurrent bacterial infections. Btk also
functions in myeloid and dendritic cells, specifically in Toll-like receptor (TLR) signaling. TLRs are important in the
recognition of foreign pathogens and elaboration of cytokines, such as tumor necrosis factor alpha (TNF-α). This sug-
gests that the pathophysiology of XLA involves additional and unexplored immune dysregulation. The coexistence of
pyoderma gangrenosum (PG) in a patient with Bruton’s XLA has been rarely reported. PG is an uncommon, ulcerating,
neutrophilic dermatosis. Although its etiology is unknown, it is noninfectious and thought to involve abnormal immune
and neutrophil responses. Anti-TNF agents have been effective in treating some patients with PG, suggesting TNF-α
may play a role in the pathogenesis of PG. Here we report the association of PG and Bruton’s XLA, and demonstrate
the presence of TNF-α within the lesion of PG. (J Clin Aesthetic Derm. 2008;1(1):26–29.)
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Activation of TLRs leads to production of cytokines,
notably TNF-α, that contribute to the inflammatory
response.6

The coexistence of pyoderma gangrenosum (PG) with
Bruton’s XLA has been rarely reported, with only four
reports in the literature.7–10 PG is an uncommon
inflammatory disorder of the skin characterized by
papules or pustules that eventually erode to form deep
ulcerations.11 The lesions are painful with violaceous,
undermined borders that often rapidly progress. In 50
percent of cases, PG is associated with an underlying
systemic disease, including inflammatory bowel disease,
rheumatoid arthritis, and myeloproliferative disorders.12

Although the etiology is unknown, an immune-mediated
process is implicated. Recently, the first randomized trial
for treatment of PG demonstrated benefit with the use of
the anti-TNF-α agent infliximab.13 Other anti-TNF agents,
such as etanercept, have also been anecdotally reported
to be successful in the treatment of PG.14 The success of
TNF agents suggests that this proinflammatory cytokine
may play a role in PG pathogenesis.

Here we report the coexistence of PG and Bruton’s
XLA, and demonstrate, by immunohistochemistry, the
presence of TNF-α with the lesion. Taking into account
current research, the association of these diseases
raises interesting questions on the pathophysiology of
Bruton’s XLA.

CASE REPORT
A 24-year-old man was referred to a University of

Miami dermatology clinic for a large ulcerating leg lesion
of four years duration (Figure 1). The lesion began as a few
small ulcers on the right anterior leg that gradually coalesced

and grew to circumferentially cover the entire right lower leg
from ankle to knee. The patient’s medical history is
significant for Bruton’s X-linked agammaglobulinemia.
Diagnosed in infancy, he receives intravenous
immunoglobulin replacement of 1g/kg/day every three
weeks. Infectious complications encountered include
recurrent sinusitis, one episode of infectious colitis three
years prior, and meningitis one month prior. He has one
affected brother and an affected maternal male cousin.

Figure 1. Violaceous and inflammatory ulcer of pyoderma
gangrenosum at presentation. 

Figure 2a. Biopsy of pyoderma gangrenosum lesion, H&E 4x.

Figure 2b. Immunohistochemical staining is positive for the
presence of TNF-α within the pyoderma gangrenosum lesion.
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On physical examination, the patient had a large 30- by
25-cm ulcer with raised violaceous borders covering his
right lower leg. The base was erythematous and purple
with granulation tissue present. He had no associated
fever, malaise, or athralgias, and his pain was 10/10 with
a burning sensation. Previous treatments included oral
prednisone (1mg/kg/day) and dapsone (3mg/kg/day)
without improvement. On two previous occasions, the
lesion had been complicated by staphylococcal infection
and was treated with vancomycin, levofloxacin, and
trimethoprim/sulfamethoxazole.

Histological evaluation of a biopsy specimen showed
massive neutrophilic infiltration, hemorrhage, and necrosis
of the overlying epidermis without findings of vasculitis.
Immunohistochemical staining demonstrated the presence
of TNF-α within the lesion, and its absence in unaffected
areas (Figure 2).15 Tissue cultures were negative for
infectious organisms. Further laboratory data included a
normal complete blood count with differential and serum
chemistry panel. A decreased number of circulating B cells
and low levels of all immunoglobulin subtypes were
consistent with agammaglobulinemia (immunoglobulin A
16mg/dL [normal range 81–463mg/dL], immunoglobulin G
176mg/dL [normal range 694–1618mg/dL], immunoglobulin
M <1mg/dL [normal range 48–271mg/dL]).

A diagnosis of PG was confirmed based on clinical
presentation, exclusion of infectious origin, and
histopathologic findings. The patient received treatment
with four infusions of infliximab (5mg/kg/day over a
three-month period), a TNF-α antagonist, with initial
dramatic but not sustained improvement as assessed by
recession of the borders and a cessation of the burning
sensation. Current treatment includes doubling the
patient’s dose of IVIg to 2g/kg/day given every three
weeks in conjunction with prednisone 60mg/day. Follow-
up at two months shows mild improvement of the ulcer as
assessed by reepithelialization.

DISCUSSION
Only four previous reports have documented the

association of PG with XLA.7-10 The most recently
published report was a retrospective case series of 15
patients with XLA treated in a single tertiary care center.7

In this large series, despite treatment with
immunoglobulin substitution and antibiotics, infectious
and noninfectious complications occurred. Two patients
developed PG and were treated with both systemic
steroids and IVIg. In one patient, the lesion cleared only
after partial splenectomy for a splenic abscess.7

As XLA is a rare disease, a comprehensive clinical
picture has been difficult to garner. Multiple case reports
reveal autoimmune disorders in this population,
specifically inflammatory bowel disease and rheumatoid
arthritis.16-20 Both of these diseases are characterized by
increased levels of TNF-α and both are associated with
the development of PG.21-22

Long understood to involve B-cell development,
recent studies suggest that Bruton’s agammaglobulinemia

involves additional and unexplored immune
dysregulation, specifically the role of other cell lines and
their mediators. Although a lack of antibodies in patients
with XLA can account for an increase in bacterial
infections, other immune alterations may account for the
full clinical profile encountered in these patients. The Btk
gene, known to be critical for B-cell differentiation, has
also been found to function in myeloid and dendritic
cells. Exactly what role it plays and how it translates to
clinical practice remains unclear. A member of the Tec
family of cytoplasmic tyrosine kinases, Btk appears to be
a component of TLR signaling, important for sensing
pathogens.5 TLR activation leads to production of
cytokines, notably TNF-α, which promote the
inflammatory cascade.6 Recent studies have attempted to
determine if TNF-α production via TLRs is impaired in
myeloid cells from XLA individuals. One group reports a
decrease in TNF-α production by XLA monocytes when
stimulated with LPS (a TLR-4 agonist), while another
group reports the absence of any defect.23-24 The former
group also showed that monocytes, when differentiated
toward macrophages, return to normal levels of TNF-α
production, perhaps due to the accompanying increase in
another Tec family kinase. Although results are
uncertain, they suggest the pathophysiology of Bruton’s
XLA may encompass more than simply a B-cell defect.

The pathophysiology of PG is also poorly understood.
It is thought to involve abnormal neutrophil chemotaxis
and alterations in cytokine levels.25 Previously, ulcer
specimens from PG lesions have been demonstrated to
overexpress interleukin-8 (IL-8).26 Here we show
immunohistochemically the presence of TNF-α within a
PG lesion. Both IL-8 and TNF-α are major chemotactic
factors for neutrophils, in line with the observed
neutrophilic infiltrate of PG lesions. The use of
infliximab, a TNF-α antagonist, showed dramatic initial,
but not sustained, improvement in our patient. This
observation may be due to similar mechanisms found in
patients treated for psoriasis, which have been
attributed to rapid clearance of the drug either by
antibody formation or other mechanisms.14

Characteristically, no one treatment has been universally
effective for PG, demonstrating the multifactorial nature
of the lesion.

CONCLUSION
Taken together, the evidence suggests that the

pathophysiology of Bruton’s XLA encompasses as of yet
unexplored immune dysregulation. Further research can
elucidate the pathways functioning in XLA and determine
whether TNF-α or other cytokines play a role in the
disease. The immune system, in light of decreased
circulating antibodies, may favor intact immune defenses
in Bruton’s agammaglobulinemia.
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